Abstract: This study evaluated the efficacy of fermented corn (FC) in growing pigs. One hundred twenty-eight growing pigs [(Landrace × Yorkshire) × Duroc)] with an initial body weight of 29.59 ± 1.34 kg were used in a 6 wk experiment. Pigs were assigned into one of four dietary treatments in a 2 × 2 factorial arrangement with two levels of nutrient density (high energy: 3.37 Mcal kg −1 , or low energy: 3.29 Mcal kg −1 ) and FC (0% or 20% substitute for corn). Pigs fed diets with FC increased (P < 0.05) average daily gain (ADG) overall. Pigs fed with high-density (HD) diets increased (P < 0.05) ADG and gain to feed (G/F) ratio overall. Apparent total tract digestibility (ATTD) of dry matter (DM), gross energy (GE), and nitrogen (N) increased (P < 0.05) in pigs fed with FC diets compared with pigs fed the diets without FC. In addition, pigs fed with HD diets increased (P < 0.05) ATTD of DM and GE compared with low-density (LD) diets. Furthermore, pigs fed with HD diets had a higher (P < 0.05) ATTD of DM and GE than those fed with LD diets. Both LD and FC supplementation led to lower (P < 0.05) fecal gas emission content. Pigs fed FC diets increased ileal Lactobacillus concentration and decreased Escherichia coli concentration. An interactive effect between nutrient density diet and FC was observed on the G/F, Lactobacillus on ileal microorganisms, and nutrient digestibility. In conclusion, the results indicated that dietary supplementation of HD diets and FC improved performance in growing pigs.
Introduction
In Southeast Asia, it has long been a tradition for humans to consume fermented food. However, fermentation technology only has limited application in the production of livestock feed. Compared with nonfermented diets, fermented diets could improve growth performance (Scholten et al. 1999) , nutrient digestibility (Hong and Lindberg 2007) , microorganisms in gastrointestinal contents (van Winsen et al. 2001) , and decrease pH level in the stomach of pigs. Previous studies have demonstrated that fermented cereal grains as a part of the diet and posterior mixing with the remaining dietary ingredients could positively affect the growth performance of pigs (Scholten 2001; Pedersen et al. 2002) .
According to Cho and Kim (2012) , fermented oat not only can improve nutritional composition, but also contains high numbers of Lactobacilli to colonize the intestinal tract and compete with the resident microflora. However, little research has been conducted to evaluate the effect of dietary fermented corn (FC) supplementation on growing pigs. To the best of our knowledge, most previous studies were conducted to evaluate the effect of fermented cereal added to the same level of nutrient density diets for all dietary treatments (Cho et al. 2013; Jeong and Kim 2015) . According to a previous report, growingfinishing pigs fed with high-density (HD) diets could enhance the effects of Lactobacilli-based probiotics on nitrogen (N) and energy digestibility compared with those pigs fed with low-density (LD) diets . Thus, HD diets would be expected to provide more nutrients for growth and fecal gas emission through live microbial; moreover, HD diets increase the environment of gut by changing bacteria levels. Considering the potential benefits of fermented grain meals, the authors hypothesize that HD diets mixed with FC might improve the growth performance, gut environment, and nutrient digestibility of growing pigs. Therefore, the objective of this study was to evaluate the effects of different nutrient density diets supplemented with FC (0% or 20% substitute for corn) on the growth performance, nutrient digestibility, ileal microorganisms, and fecal noxious gas emission of growing pigs.
Materials and Methods
The experimental protocols employed in this study were approved by the Animal Care and Use Committee of Dankook University, Cheonan, Choongnam, South Korea.
Source of FC
The FC was provided by a commercial company (Genebiotech Co., Ltd., Seoul, Korea). Dried raw corn were soaked in distilled water (50% moisture content of corn) for 1 h. Hydrated corn were then cooked in a steam tank at 60°C-70°C for 1 h. Thereafter, cooked corn were cooled to 25°C and mixed with an inoculum of either Bacillus subtilis 2-19cx at an initial count of 10 3 or 10 4 cfu g −1 , respectively. After fermentation for 42 h, the final number of microorganisms was guaranteed at the concentration of 10 9 cfu g −1 ; the samples were ground in a hammer mill and refrigerated (4°C) until they were mixed in the experimental diets.
Experimental design, animals, housing, and diet A total of 128 crossbred growing pigs [(Landrace × Yorkshire) × Duroc)] with an average initial body weight (BW) of 29.59 kg (SD = 1.34 kg) were used in a 42 d feeding trial. Pigs were distributed into one of four dietary treatments in a 2 × 2 factorial arrangement with two levels of metabolisable energy (ME; low energy = 3.29 Mcal kg −1 and high energy = 3.37 Mcal kg
) and FC (0% or 20% substitute for corn) [eight pens/treatment and four pigs (two gilts and two barrows)/pen] according to their BW and sex. All pigs were settled in an environmentally controlled house and allowed to consume feed and water ad libitum from self-feeders and nipple waterers. The HD diets were formulated to meet or barely exceed the nutrient requirements of growing pigs recommended by National Research Council (NRC 2012), whereas LD diets were a little less than the nutrient requirement.
Sampling and measurements
During the experimental period, individual BW and feed consumption per pen were measured on day 1 and day 42 to monitor the average daily gain (ADG), average daily feed intake (ADFI), and gain to feed (G/F) ratio.
Chromium oxide was added to the diet as an indigestible marker at 0.20% of the diet for 7 d prior fecal collection at the end of experiment for calculation of dry matter (DM), N, and energy digestibility. Fecal grab samples were collected at random from at least two pigs in each pen (one gilt and one barrow). All feed and feces samples were stored immediately at −20°C until analysis. Before chemical analysis, fecal samples were thawed and dried at 60°C for 72 h, and then were finely ground to the size that could pass through a 1 mm screen. The procedures used for the determination of DM and N digestibility were in accordance with the methods established by the Association of Official Analytical Chemists (AOAC 2000) . The apparent total tract digestibility (ATTD) of N was determined by a Nitrogen Analyzer. Energy was determined by measuring the heat of combustion in the samples, using bomb calorimeter (Parr 6100; Parr instrument Co., Moline, IL, USA). Chromium was analyzed via UV absorption spectrophotometry (Shimadzu, UV-1201, Shimadzu, Kyoto, Japan), according to the method of Williams et al. (1961) . Raw corn and FC was determined using the methods described by crude ash (McCarthy et al. 1974) , crude fiber (method 954.01; AOAC 2000), and pH (pH meter, Testo 205, Testo, Germany).
During the last 2 d of experimental period (day 41 and day 42), fresh feces samples were collected from each pen. Samples were kept in sealed containers and were immediately stored at −4°C until the analysis. Subsamples of feces were taken about 300 g and stored in 2.6 L plastic boxes in duplicate, and plastic boxes were sealed carefully. Each box had a small hole in the middle of one side wall, which was sealed with adhesive plaster. The samples were permitted to ferment for 7 d at room temperature (25°C). After fermentation period, a gas sampling pump (Model GV-100; GASTEC Corp., Ayase, Kanagawa, Japan) was utilized for gas detection. Concentrations of ammonia (NH 3 ), total mercaptans, and hydrogen sulfide (H 2 S) were measured using a detector tube (GASTEC Corp., Ayase, Kanagawa, Japan) within scope of 5.0-100.0 (No. 3La, detector tube; GASTEC Corp., Ayase, Kanagawa, Japan), 5.0-120.0 (No. 70, detector tube; GASTEC Corp., Ayase, Kanagawa, Japan), and 2.0-20.0 (No. 4LK, detector tube; GASTEC Corp., Ayase, Kanagawa, Japan). Before measurements, slurry samples were shaken manually for approximately 30 s to disrupt any crust formation on the surface of the slurry sample and to homogenize samples. The adhesive plasters were punctured, and 100 mL of headspace air was sampled approximately 2.0 cm above the slurry surface.
Two pigs (same as those used for fecal samples) from each pen (n = 16 per treatment) were selected and euthanized after taking fecal samples. The abdomen was opened immediately, mesenteries were removed, and the ileum bearing a continuous Peyer's patch was located. A distal segment (20 cm) of the ileum was removed, and the ingesta (lumen material) were removed by gentle squeezing. The ileal segment was filled with cold, sterile phosphate buffer (10 mmol L −1 ; pH 7.0) and massaged gently to suspend bacteria in the mucosa layer. The composite sample (1 g) from each pig was diluted with 9 mL of 1% peptone broth (Becton, Dickinson and Co., Franklin Lakes, NJ, USA) and then homogenized. Viable counts of bacteria in the samples were conducted by plating serial 10-fold dilutions (in 1% peptone solution) onto MacConkey agar plates (Difco Laboratories, Detroit, MI, USA) and lactobacilli medium III agar plates (Medium 638, DSMZ, Braunschweig, Germany) to isolate the Escherichia coli and Lactobacillus, respectively. The lactobacilli medium III agar plates were incubated for 48 h at 39°C under anaerobic conditions. The MacConkey agar plates were incubated for 24 h at 37°C. The E. coli and Lactobacillus colonies were counted immediately after removal from the incubator.
Statistical analysis
In this experiment, all data were analyzed as a 2 × 2 factorial arrangement of treatments by using the MIXED procedure of SAS (SAS Institute Inc., Cary, NC, USA). The final model included the main effects of FC and nutrient density, and their interaction. Variability of all the data was expressed as standard error of the mean (SEM); a probability level of P ≤ 0.05 was considered as statistically significant, and 0.05 < P < 0.1 indicated a tendency.
Results

Chemical composition between raw corn and FC
The results of chemical composition between raw corn and FC are shown in Table 2 . No significant difference was observed in chemical composition of crude fat, crude fiber, and crude ash between raw corn and FC. However, the crude protein (CP) of FC was higher than that of raw corn (P < 0.05). In addition, the DM and pH was lower in FC compared with raw corn (P < 0.05). Note: ME, metabolisable energy; CP, crude protein; Lys, lysine; Met, methionine; Ca, calcium; P, phosphorus; S, sulfur.
a Dietary treatments were HD, high-density diet as indicated during growing phase; HDFC, high-density diet with 20% fermented corn (substitute for corn); LD, lowdensity diet as indicated during growing phase; LDFC, lowdensity diet with 20% fermented corn (substitute for corn). Replaced the same amount of corn with fermented corn to create dietary treatments. 
Growth performance
The results of growth performance are summarized in Table 3 . Pigs fed the HD diets showed higher (P < 0.05) ADG and G/F compared with the LD diets. Pigs fed the diets with FC supplementation increased (P < 0.05) the ADG compared with pigs fed the diets with raw corn supplementation. There was an interaction effect observed (P < 0.05) between nutrient density and FC in the G/F. However, no difference was observed (P > 0.05) in ADFI among treatments during the experiment.
Nutrient digestibility
The data presented in Table 4 shows the results of nutrient digestibility. Pigs fed the HD diet with FC had higher (P < 0.05) DM and N compared with HD diet without FC and LD without FC diet. Pigs fed the HD and LD diets with FC had higher (P < 0.05) energy digestibility compared with LD diet without FC. And the ATTD of energy was greater in pigs fed the HD diets (P < 0.05). However, no significant difference was observed in DM and N digestibility in pigs fed different nutrient density (P > 0.05). These results demonstrated that supplementing the diets with FC increased (P < 0.05) the DM, N, and energy digestibility. There was an interaction effect observed (P < 0.05) between nutrient density diet and FC in the DM, N, and energy digestibility. Table 5 shows the results on fecal gas emission assay. Pigs fed LD diet with FC had lower (P < 0.05) NH 3 and H 2 S compared with HD diet without FC. These results showed that NH 3 and H 2 S content were lower (P < 0.05) in the LD diets. However, no significant difference was observed in total mercaptans content in pig fed different nutrient density (P > 0.05). Addition of FC to the diets decreased the level of H 2 S emission in pigs. No significant difference was observed (P > 0.05) in NH 3 and total mercaptans content in pigs fed the diets with FC supplementation, compared with pigs fed the diets with raw corn supplementation.
Fecal noxious gas emission
Ileal microorganisms
The data presented in Table 6 showed that Lactobacillus and E. coli were not significantly influenced by dietary nutrient density. Pigs fed HD diet with FC had higher (P < 0.05) Lactobacillus counts compared with LD and HD diets without FC. Pigs fed HD and LD diets with FC diet had lower (P < 0.05) E. coli counts compared with HD and LD diets without FC. Additionally, these results showed that pigs fed the diets with FC increased Lactobacillus counts and decreased E. coli counts compared with pigs fed the diets with raw corn supplementation (P < 0.05). There was an interaction effect observed in Lactobacillus between nutrient density diet and FC (P < 0.05).
Discussion
Fermented diets
This study revealed that the growth performance of pigs fed with 20% of FC substitute for corn was significantly improved compared with that of pigs without FC supplementation, indicating that FC inclusion in growing pig diet can indeed benefit the pigs. Bacteria produced protein from fiber by fermentation process, and they decreased the pH value through bioactive compounds that may have antibacterial traits with FC. In addition, the chemical composition of FC showed an increase in CP and crude fat, and a decrease in DM, crude fiber, and pH compared with raw corn. However, some previous studies have shown various effects of fermented cereal grains on the growth performance of pigs (Canibe and Jensen 2003; Canibe et al. 2007; Cho and Kim 2012; Cho et al. 2013 ). Similar to our present result, Scholten et al. (2002) have reported that 45% fermented wheat supplementation in liquid feed could improve the feed efficiency in weaning piglets. In addition, Pedersen (2006) has reported that feed efficiency of piglets could be improved by liquid fermented grain inclusion. However, no effect of FC supplementation, as raw corn substitute (0%, 10%, 20%, and 30%) on growth performance of growing pigs was observed (Cho et al. 2013) , whereas the nutrient digestibility was improved by FC inclusion at 20%. Canibe et al. (2007) have reported that feeding liquid diets with fermented cereal grain does not improve the growth performance of piglets. This might be due to the lower pH value of FC meal compared with that of meal without FC supplementation. Our analysis results showed that FC meal had a lower pH value. This might have inhibited the growth of harmful bacteria such as E. coli and Salmonella sp. while increasing the activity of some enzymes, especially pepsin (Canibe and Jensen 2003) . Scholten et al. (2002) have demonstrated that feeding weaning pigs a partly fermented liquid feed could decrease gastric pH but increase villus height. In addition, lower pH might lead to reduction of gastric emptying, which might permit more time for digestion in the stomach (Mayer 1994 ). a Samples were randomly collected from four samples from raw and fermented corn.
Fermented grain not only has a beneficial nutritional composition, but also contains high numbers of Lactobacilli to colonize the intestinal tract and compete with the resident microflora (Cho and Kim 2012) . van Winsen et al. (2001) reported that adding part of fermented feed to the diet of pigs could increase the content of Lactobacilli but decrease the content of E. coli in the gastrointestinal tract. In addition, previous studies have found that Bacillus-based direct-fed microbial could inhibit avian pathogenic E. coli and beneficially altered gastrointestinal microflora (Hong et al. 2005; Gebert et al. 2007) . Similarly, we found that pigs fed with FC in our present study had higher ileal Lactobacillus but lower E. coli counts.
The level of gastric lactic acids increased in pigs fed with fermented diets (Canibe and Jensen 2012) . The pH value of FC meal was also decreased in our present study. As a result of higher lactic acids but lower pH, hydrolytic enzyme activities in the stomach were increased, which could have led to improved dietary protein hydrolysis (Lyberg et al. 2006) . Broom et al. (2006) have reported that increasing Lactobacilli counts can help restore or Note: Means within a column not sharing a lowercased letter differ significantly at the P < 0.05 level. One hundred twenty eight pigs with an average body weight of 29.59 kg (SD = 1.34). High: high-energy diet; ±F, fermented corn. Low: low-energy diet; ±F. N: high-nutrient-density diet vs. low-nutrient-density diet. F: raw corn vs. fermented corn. ADG, average daily gain; ADFI, average daily feed intake; SEM, standard error of the mean. Table 4 . Effects of corn and fermented corn supplemented in different nutrient density diets on nutrient digestibility of growing pig.
Items
High Low Note: Means within a column not sharing a lowercased letter differ significantly at the P < 0.05 level. Fecal samples were randomly collected from two samples per treatment on 42 d. High: high-energy diet; ±F, fermented corn. Low: low-energy diet; ±F. N: high-nutrient-density diet vs. low-nutrient-density diet. F: raw corn vs. fermented corn. SEM, standard error of the mean. Table 5 . Effects of corn and fermented corn supplemented in different nutrient density diets on fecal gas emission of growing pig.
Items (ppm)
High Low Note: Means within a column not sharing a lowercased letter differ significantly at the P < 0.05 level. Fecal samples were randomly collected from four samples per treatment on 42 d. High: high-energy diet; ±F, fermented corn. Low: low-energy diet; ±F. N: high-nutrient-density diet vs. low-nutrient-density diet. F: raw corn vs. fermented corn. NH 3 , ammonia; H 2 S, hydrogen sulfide; SEM, standard error of the mean. maintain the beneficial intestinal community. Besides, fermented feed could increase the content of Lactobacilli but decrease the content of E. coli in the gastrointestinal tract (van Winsen et al. 2001 ). Yan and Kim (2013) have suggested that the total metabolism of energy and nutrients could be increased by improving microbial balance, thus increasing the conversion of feed efficiency. Therefore, improving ATTD of energy, N, and DM might increase Lactobacilli counts and decrease E. coli population, which could lead to a better performance of weaning pigs with feeding FC.
In our present study, fecal NH 3 and H 2 S concentrations decreased in FC groups. Similarly, Awati et al. (2006) have reported that fecal NH 3 decreased by fermented feed in weanling pigs. This may be due to a shift in microbial population and fermentation acids produced by microbes (Scholten et al. 1999) . In contrast, Scholten et al. (2002) have reported that partly fermented diet may be able to change the pH value and short-chain fatty acid levels in the stomach. However, it might not affect the small intestine. There are inconsistencies with the effect of fermented grain on fecal gas emission. Cho and Kim (2012) have found that different levels of FC did not affect fecal gas emission. Due to the lack of relative references, further research is necessary to investigate how FC affects fecal gas emission.
Energy density diets
In this study, a portion of the wheat, molasses, and wheat bran was used to substitute for corn, soybean meal, and tallow, which kept same levels of protein contents with increased energy level. Similarly, various previous studies have demonstrated that pigs fed with high-energy or nutrient density diets had greater growth performance compared with those fed with low-energy or nutrient density diets Yan et al. 2010) . In contrast, Beaulieu et al. (2009) have reported that the impact of increasing energy density was highly associated with feed intake, indicating that pigs were able to increase their energy intake when high-energy diets were provided to them. Additionally, increasing the lysine:energy in growing pig diet has improved the growth performance and feed efficiency by adjusting their feed intake (Chiba et al. 1991; Smith et al. 1999 ).
However, we found that there was no significant difference in feed intake between HD and LD groups. The difference could be due to low pH combined with high concentration of certain fermentation metabolites (i.e., acetic acid and biogenic amine). Brooks et al. (2001) and Moran (2001) suggested that these factors might have impaired the palatability of fermented feed.
We found that reducing energy density could reduce fecal noxious gas emission such as ammonia nitrogen and H 2 S. In agreement with our results, Carter et al. (1996) have reported that noxious gas emission content of swine excreta could be reduced by using lower energy concentration diets. In addition, Yan and Kim (2013) have also reported that pigs fed with LD had lower fecal ammonia nitrogen and H 2 S contents compared with those fed with HD diets.
In this study, the interactive effects of the FC supplementation and nutrient density diet on feed efficiency, nutrient digestibility, fecal noxious gas content, and ileal microorganisms were found. However, the positive correlation between protein and energy has been demonstrated by several previous studies. High-energy and nutrient density diets with probiotic supplementation interactively improved growth performance, nutrient digestibility, fecal Lactobacillus, and fecal noxious gas content in growing pigs (Yan and Kim 2013) . Similarly, it has been demonstrated that HD diets could enhance the effects of Lactobacilli-based probiotics on N and energy digestibility of growing-finishing pigs compared with LD diets .
Consequently, the present study results confirmed that the interactive effect could be the results of increased Lactobacilli counts and improved nutrient digestibility. However, no interactive effects between FC supplementation and HD diets were observed when the growth performance of pigs was evaluated, although FC supplementation and HD diets dramatically improved nutrient digestibility and ileal microorganisms balance. There is a dearth of information on the interactive effects of FC and nutrient density on weaning pigs. The reason for this remains unknown. Hence, it is necessary that further study is merited to understand such interactive effect. Note: Means within a column not sharing a lowercased letter differ significantly at the P < 0.05 level. Fecal samples were randomly collected from four samples per treatment on 42 d. High: high-energy diet; ±F, fermented corn. Low: low-energy diet; ±F. N: high-nutrient-density diet vs. low-nutrient-density diet. F: raw corn vs. fermented corn. SEM, standard error of the mean.
Conclusions
The results of our current study suggested that FC supplementation had a positive effect on nutrient digestibility and ileal microorganisms. Such beneficial effect was more dramatic with HD diets compared with that of LD diets in growth performance and nutrient digestibility. In addition, there was an interactive effect observed in G/F ratio, nutrient density, and Lactobacillus between nutrient density and FC. Therefore, further investigation is merited to determine the underlying mechanism for a better application of FC in pig feed.
